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Abstract o f the Disri^,,,. 

An apparatus is disclosed for reducing rubber *o 
particles, which comprises an inclined pre-cooling tunnel 
having * conveying means and adapted to be charged via a 
feed sha«t. and a main cooling tunnel filled, at leact in 
part with a cooling medium. A conveyor means and a 
crusher means are provided downstream of the main coolino 
tunnel, and the main cooling tunnel and the pre-cooling 
tunnel are interlinked via at least one gasification pipe 
conveying a cooling medium. 



BACKCROCy? OF ras I>fVE>TICN AMD ?rior azz 

The invention relates tc an apparatus for reducing cf 
rubber, in particular scrap rubber, scrap eyres, rubber 
partis ani rubber wastes, to particles, the apparatus con- 
5prisinc an inclined pre- ceding tunne* comprising a con- 
veyor ceans and adapted to be charged via a feed shaft, a 
main coding tunnel, linked to the pre-ccolinr tunnel by a 
connection shaft, filled, ct least in part, with a cooling 
medium and provided with a conveyor means and a crusher 
10means downstream of the aain cooling tunnel. 

The purpose of such a plant, as disclosed, for example, in 
39 15 534 CI. is to dispose of scrap rubber, namely to 
recycle it. The problem is that rubber in the form cf fully 
vulcanized caoutchouc is net piastifiec by heating but te- 
1 Scones charred instead. 

Scrap rubber also occurs in large quantities in the form of 
car tyre carcasses which can no longer be retreaded. Such 
scrap tyres present a considerable disposal problem and, in 
the disposal by incineration generally applied todate , 
209-nerate a large amount o£ toxic waste gases which in turn 
have to be disposed of by suitable filter plants. 

A further problem arises from the textile or metallic rein- 
forcements incorporated in the carcasses. Scrap rubber, 
according to the known process, is to be converted into 

25reusable material by way of granulating and is thus to be 
reprocessed into a new product. For this purpose, th3 
elastic s-crcp rubber, with the aid of a cooling medium, 
namely liquid nitrogen, is cooled down to very low tem- 
peratures, approximately - 140°C, causing it to embrittle, 

30wherearter it can be ground. A problem of the known process 
arises from having to cool and embrittle the scrap tyres to 
be reduced right into the innermost region thereof. For 
this purpose a sufficiently long exposure of the scrap tyres 
to the coding medium is required. At the sane time a satis- 
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lactory conveyance of tho slowly cooling tyres, must be 
ensured in order to eliminate heating by friction. 

CENTRAL DESCRIPTION O F T HE INVENTIO N 

It is ft iv object of this invention to provide an apparatus of 
5a type described in the opening paragraph, which "ensures a 
good thorough cooling combined with a continuous conveyance 
of Lhe scrap rubber to be. broken down. 

The present invention provides an apparatus as set out in 
the opening paragraph, wherein the main cooling tunnel and 

12 the pre-cooling tunnel are interlinked via at least: one 
gasification pipe conveying a cooling medium. These measures 
bring ebout that the cooling medium released into the main 
cooling tunnel by gasification is conveyed in counter 
current against tho conveying flew of the scrap rubber to be 

-.5 broken down into the region of the feed shaft. The scrap 
rubber parts fed into the feed shaft are introduced here at 
this lowest point of the apparatus into a relatively cold 
atmosphere and can, until they' are passed into the nain 
cooling tunnel, be cooled down considerably further. Such 

2Qcooling off nay result already in temperatures of approxima- 
tely - 80°C to - 140°C. 

Loss of cold energy is preferably to be avoided for 6- eco- 
nomic operation of the apparatus. For this purpose the 
invention nay provide that the feed shaft of the pre-cooling 

25 tunnel is tightly covered by a closure done and that a 
suction JZ an, by means of which hunid air entering together 
with the rubber parts can be sucked out, is associated with 
the dome and that the feed shaft comprises a feed aperture 
through which the pre-cooling tunnel is fed by way of a 

30swin<* flap which is closeable, at least in part, by a 
closing means. These measures, during fricticnle-s trans- 
port, ensure at the same time a continuously progressing 
cooling, down of the scrap rubber parts to be broken down. 
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In order to be able to reduce to a a:niau= the required 
quantity cf a cooling r.ediua, naaeiy li==i- n.trcgen. a pre- 
ferred feature provides tnat the interior of the aain 
cooling tunnel is restricted in vidth by lateral partition 
=walls and below the deflation of the ronveycr aeans bv a 
free space restriction and that the free space thus 
partitioned off is filled with insulating bacXfiliings . 

In order to provide cold bridges throura -he ncuntinys of 
the tunnel pipes, thenselves insulated arai.nst refrigeration 

blesses, it is preferred that the pre-cccl i.-.g tunnel and the 
nam cooling tunnel ccaprise sturdy turaei vails and thai- 
the sturdy tunnel walls are slidably counted on tunnel 
bearings. These aeasures prevent a direct connection between 
the inner pipe, conveying the cooling atdiua. of the aain 

15 cooling tunnel, respectively the pre-cotling tunnel. Due to 
cooling effects, a volune contraction aar occur in the pipes 
of the coding tunnels which nay anouaz to 20 to 30 na, 
taken over the entire length. In order to prevent rupturing 
of the tun-el pipes due to this volune contraction, it is 

20 provided that the tunnel walls are acur.ted on s'lidable 
. plastics aateriai, it i u further provided that the aain 
cooling tunnels coaprise aeans for contensatir.g for length 
variations. 

In order to prevent solid freezing of norable coaaonents in 
2S the cooling aediun, a preferred feature provides that the 
conveyor aeans passes froa the cooling mesas charge via a 
deflection and through a discharge opening, sealed against 
outside air by a lock systea in a face eai fron the interior 
of the aain cooling tunnel. This prevents the entry of huai- 
30 dity and avoids solid freezing. Furtheraore, in order to 
obtain better insulation, the pre-cooliag tunnel and the 
aain cooling tunnel are provided with a vacuua insulation. 

Further advantageous aeasures are described in the sub- 
sidiary claias. The invention is illustrated by way of a 
35 working exaaple in the accompanying drawirg and is described 



hereafter in sere detail. 

brief nrs cRiPTi c N of thf DB ^a m c^ 

There is shown ir.: 

Figure 1 the side elevation or an apparatus according to 
the invention, insection along the line I-l 
according to figure 2, with an inclined pre- 
cooling tunnel comprising an upstream cutting 
n«ans and horizontally disposed sain cooling 
tunnel comprising a downstream crusher means, 

^Figure 2 the plan view of an apparatus according to figure 
l ; 

Figure 3 the longitudinal section through a main cooling 
tunnel according to figure 1; 

^Figure 4 the cross-section through a mair. ceding tunnel 
13 * lon( ? thfe line Ill-Ill according to figure 3; . 

Figure 5 the plan view of a crusher means with associated 
discharge conveyer belt, conveyor belt cover com- 
prising inspection lids and magnetic belt separa- 
tor means ; 

20Figure 5a the section through the conveyor bait cover with 
inspection lids along the line V-V according to 
figure 5; 

Figure 5 the schematic illustration of a double crusher 
means with sieve bottoms and fine grinding 
25 chambers. 
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DETAILED nrscBTPTm H r i p 'jp r- TFTr E HBfl BI KBgs 

Tr.e following description is by way of specific exanple ,nd 
s.-.ould be read against the background of the aforegoing nore 
general description. 

= 7he recycling apparatus 10. schematically illustrated in 
figures 1 and conprises essentially a tubular preceding 
tunnel U and a nain cooling tunnel 12 dowstrean c' the 
preceding tunnel 11, Cpstrean. of the pre-cooling tunnel 11 
a cutting neans 15 is provided which, via a conveyor be^ 16 
10 My be fed with the recycling naterial ir to be granulated, 
for exanple scrap tyres. 

The cutting neans lb conprises a punching table 18. onto 
which the recycling naterial 17. f ron the feed conveyor fit 
16 is deposited ano pre-reduced into pieces about as big as 

1:>the pain of tho hand by a descending punching blade '9 The 
recycling naterial 17 thus cut down by the cutting neans 15 
is successively fed by « feeding belt 20. accomodated below 
the punching table 13 into conveying direction 70 (ar-ow) 
to a feed shaft 12, provided above a cotton region 65 of the 

20pre-cooling tunnel 11. 

As is shown in f lgU re 2. two parallel running recycling 
apparatus 10 are provided for a better capacity utilization 
which nay ba charged alternatingly by the cutting neans 15. 
A distributor, for exanple in the fom of a swing flap 23 

2-which, controlled by computer, distributes the arriving 
recycling naterial 17, is associated with the feeding belt 
20 in the region of. the parallel feed shafts 13. The feed 
shafts 13 conprise lateral feed apertures 21. which, in 
order to prevent refrigeration losses, are provided with a 

30curtain 22, for exanple a chain curtain or a lock flap. 
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Each feed shaft 13 is closed on top by a closure done 14. „ 
suction fan 24 is provided in the closure done 14 which 
sucks out hunid air which night have entered fron the bottom 
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region 65 of tr.e pre-ccoling tunnel II. 

The pre-cooling tunnel II consists of a solid cuter tunnel 
wall 25 , for exanple a steel pipe, which is slidably scented 
on a sliding bearing 26, to conpensate for volume con- 
5tracticn caused by the refrigeration. In tne interior of the 
pre-ccciir.c tur.r.el 11 a conveyor 27 is provided, for exanple 
a chain conveyor of V2A-steel or a wire netting conveyer 
belt, provides with conveyor flights 23. The pre-cccling 
"tunnel 11, starting iron the bo t ton region 65, is disposed 
10 upwardly inclined towards a connection shaft 21, accomo- 
dated above the main cooling tunnel 12. 

Above the conveyer 27 a plurality of fans 29 and 30 are 
disposed in tte pre-cooling tunnel 11, whirling around the 
cold air emanating fron the nain cooling r.unnel 12 through 

1 5 the gasification pipes 43 and conveying it towards the bot- 
tom region 65- Supported by the suction fans 24 in the 
closure denes 14 a circulating cooling nediun cas' thus de- 
velops which, in ccu.ntercurre.nt, flows against tne upwardly 
conveyed recycling naterial 17. Tne recycling naterial 17 

20entering into the bctten region 65 of the pre-ccoling tunnel 
11 at rcca temperature is thus precooled to approximately 
- 80 °C to - 140°C on its way to the connection shaft 31. 

The recycling ^ateriax 17 preceded in this way is passed in 
the connection shaft 31 to the nain cooling tunnc2 12. 

25 where it drops into, a cooling nediun 38 via baffles 34. The 
filling level of the cooling nediun 38 is regulated with the 
aid of a filling level indicator 39. The cooling nediun 38, 
for exanple liquid nitrogen, has a temperature of approxi- 
mately -195°C. The recycling naterial 17, entering at -80°C 

30 to -140°C is relatively warn in comparison, causing it to 
boil up by its innersion into the substantially colder 
cooling mediun 38, i.e. with gasification of nitrogen. The 
gaseous nitrogen is passed via the gasification pipes 4 8 
fron the nain cooling tunnel 12, approxinately in the region 

35of the connection shaft 31, into the pre-cooling tunnel 11. 
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-is causes a cooling aediun-gas flow 71 to develop which 
proceed in the direction of the bottom region 65. This 
cooling nediun gas flow 71 may be prcaoted by Jans 69. dis- 
posed in the gasification pipes 48 and directionally stab!- 
5 Used. 

-e main cooling tunnel 12 consists likewise of a sturdy 
cuter tunnel wall 35 and is essentially horizontally dis- 
posed' It is slidably aounted on a tunnel bearing 3? which 
«n turn rests on a cooling tunnel support 36. For conpen- 
10 sating the teaperature-induced length variations a conpen- 
sating neans for length variations 77 is provided in which 
the nain cooling tunnel 12 nay change its length. The 
connection shaft 31 is provided with a tightly closing nan 
hole 33 through which both the pre-cooling tunnel 11 and .he 
1 = nain cooling tunnel 12 are accessible. 

Tn the interior 40 of the nain cooling tunnel 12 a conveyor 
• -leans 41. for exanple a chain conveyor belt of V2A-steel is 
disposed, provided with flights 28. The introduced recycling 
aate^ial 17 is innersed conpletely into the cooling nediun 
„33 and is cooled down to its core to approximately -120 C to 
-190°C whilst novir.g in the conveying direction 70 (arrow). 

The conveyor neans 41 runs essentially horizontally in the 
cooling medium 38. In the region of the face end 32. op- 
posite the connection shaft 31, the conveyer neans 41 is 
2 , comprises a deflection 64 and proceeds at first upwardly 
inclined from the cooling nediun 38 and hence through a 
• discharge aperture 43 fron the interior 40 of the nam 
cooling tunnel 12. For distribution onto Aown.tr... 
crusher neans 46. disposed in pairs, the now deeply chilled 
20 recycling material 17 is thereafter passed to a tubular /- 
fitting 44. 



As is shown in figure 4. essentially vertically disposed 
lateral partition walls 52 are provided in the nain cooling 
tunnel 12 on either side of the conveyor neans 41. These 
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partition walls 52 reduce the interior 4C of the aair 
cooling tunnel 12 by the dead space which occurs cue to tne 
tubelike tunnel diameter and which is basically not 
required. This dead space is backfilled with a backfilling 
3 53 consisting of insulation material. The quantity cf the 
cooling medium 33 required, representing a considerable cost 
factor, can thus be substantially reduced. 

Opposite the outer tunnel wall 35 the interior 40 of the 
main cooling tunnel 12 is insulated by an insulation 50 
10 which is provided with a vacuum insulation 49 cn the out- 
side. The inside of the insulation 50 comprises an inner 
coating 51, resistant against the cooling medium 23. 

As is further shown in figure 3, a free space restriction 42 
is provided below the deflection 64 of the conveyor means 
lD 41, likewise reducing the quant icy of cooling meci ;m 33 re- 
quired for filling the main cooling tunnel. 

In order to prevent reheating of the chilled recycling 
material 17 during discharge from the main cooling tunnel 12 
through the discharge aperture 43, a cold-insulating cover 
20 45 is provided above the Y-piece 44. 

As is shown in figure 5, two crusher means 46 are associated 
with each of the main cooling tunnels 12, disposed in pairs. 
These crusher means 46 are each fed through a Y-piece 44, as 
illustrated in detail in figure 6. For this purpose a Y- 

25 piece 44 • has a feed aperture 54 through which the deeply 
chilled recycling material 17 can enter the crusher means 
45. In order to prevent refrigeration loss, a lock system is 
provided in the region of the feed aperture 54, consisting 
of an upper lock flap 56 and a lower lock flap 57. The lock 

30 flaps 57 are disposed in pairs and by way of computer-con- 
trol feed the crusher means 46, likewise disposed in pairs. 

The lock system 55 simultaneously prevents the entry of 
humid outside air. This avoids the entry of water into the 

9 



cooling tunnels 11 and 12, because water can lead to solid 
freezing of the novable parts, Tor exanple the conveyor 
neans 27 ar.d 41. In order to reduce the volune of the V- 
pieces 44 , partition walls £3 are provided in the lock 
5 systen 55, which are disposed essentially horizontally . 

Can or roller crushers 66 nay be disposed above the feed 
apertures 54 by neans cf which the deeply chilled recycling 
naterial 1? nay be pre-rsduced before it enters the crusher 
neans 4 6 for grinding. The can crushers 66 conprise crusher 
10 rollers 67 araed with crusher projections 68. 

Potatable hammer bars 59 are provided in the crusher neans 
46 to which rotary ncvejent nay be ir.par ted by * banner bar 
drive neans 60. For exanple an electric notor nay serve as 
the banner h>ar drive neans 60. On the inner wall of a 

-j 5 crusher neans 46 stationary inpact bars 61 are disposed 
which, in enaction with the banner bars 59 break' down the 
input of recycling naterial 17. The banner bars 59 are dis- 
posed staggered levelwise and angularly by 90°C each around 
the pivotal axis 72. In order to attain as fine as possible 

2o a grinding action, the crusher -eans 46 conprise sieve 
bottons 73, having a plurality of apertures 74. Below these 
sieve betters 73 fine cutting inpact bars 75 are provided, 
which rotate in the fine grinding chancers 76, likewise 
provided below the sieve LOttons 73. In this way, the re- 

25cycling nacerial 17 having reached the fine grinding 
chancers 7 6 below the sieve bottoas 73 throogh the apertures 
7-1, are ground even nbre intensively and consequently finer. 

Textile or metallic reinf orcenent conponents are also re- 
leased durir^g grinding, which are usually present in scrap 
30 tyres. The crusher neans 46 can be eraptied through a di- 
scharge ape^rture 62. Fron the discharge apertures 62 the 
V recycling material 1*7, now ground and granulated into a 
relatively wide ranging particle size fraction, drops onto a 
discharge conveyor bolt 47, above which a nagnetic belt 
35separator 63 is disposed. 

10 
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To begin with, t.ne netailic reinf orcerent components are 
separated with Che aid of the nagnetic belt separator 63. 
The recycling material 17 precleaned in this way is sieved 
and classified by a separation near.s, not shown in detail. 
5 in this context also tne relatively finely reduced textile 
reinforce nent ccnpcnentr are separated and the ground re- 
cycling naterial 17 is diviced into differently sized 
fractions and subsequently filled for further processing. 

is shown in figures 5 and 5a, the discharge conveyor belt 
1347 is provided with a conveyor belt cover 78. In order to 
provide access to the discharge apertures 6 2 of the crusher 
neans 46, the conveyor belt cover 73 is conprises access 
lids 79. The conveyor belt cover 7S conprises a rear wall 80 
facing the Y-pieces 44, provided with a plurality of rein- 
15forcenents 82. Between the discharge apertures 62 of the 
crusher neans 46 and tie conveyor belt cover 73 chutes 81 
are each provided. The conveyor belt cover 78 is provided 
with front restrictions 83 for laterally restricting the 
discharge conveyor belt 47. At the rear end, viewed in the 
20conveying direction, a magnetic belt separator 62 is provi- 
ded over the discharge conveying belt 47 by neans of which 
metallic components can be extracted fron the ground re- 
cycling naterial 17. 

What we clain is: 
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CLAIMS 

I- Apparatus for reducing rubber to particles consisting 
of an inclined pre-cooling tunnel comprising a con- 
veying neans and adapted to be charged via a feed 
shaft, a main cooli ig tunnel filled, at least in part, 
with a cooling medium and provided with a conveyor 
means and a crusher neans downstream of the main 
cooling tunnel, wherein the main cooling tunnel and the 
pre-cooling tunnel are interlinked via at least one 
gasification pipe conveying a cooling medium. 

2. Apparatus according to claim 1, wherein the main 
cooling tunnel is essentially horizontally disposed, 
the conveyor means*, provided in the main cooling tunnel 
runs., at lease in part, in the cooling medium and fans 
are positioned in the gasification pipes provided bet- 
ween the main cooling tunnel and the pre-ccoling tun- 
nel . 



3. Apparatus according to claim 1, wherein the feed shaft 
of the pre-cooling tunnel is tightly covered by a 
closure dome and a suction fan is associated with the 
done. 

4. Apparatus according to claim 1, wherein the feed shaft 
has a feed aperture through which the pre-cooling 
tunnel is charged by way of a swing flap, which can 
be closed, at least partially, by a closing means. 

5. Apparatus according to claim 1, wherein the conveyor 
means passes from the cooling medium via a deflection 
and from the main cooling tunnel through an opening 
sealed by way of a lock system. 

6. Apparatus according to claim 1, wherein the interior of 
the main cooling tunnel is restricted in width by la- 
teral partition walls and below a deflection of the 
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conveyer =ea:.s cy 3 free space r-s:::;::;- ,-.u the free 
space thus partitioned off is filled u;t- :r.su:^::r.a 
backf iilirgs. 

Apparatus according to claim where:- the pre-—.: ir.g 
- urrel — — e =air. cooling tunnel -3-1r.se *t urd/ 
"" nel "alls and r.r.e sturdy tunnel walls ire slidarly 
ncur.ted cn tunnel te5rir.cs . 

Apparatus according to claim I. wr.ereir. retweer. tr.e 
discharge opening c: tr.e nair. cooling t -r.r.e 1 and a 
loc:< system for such opening 3 r.re-r, ; 1 1 _rg rears is 
provided. 



Appara:us according to clam. ; , -rere;r tr.e crusr. 
means comprises at least ere sieve rctt:r ur.de rr.e a 
which a fire cutting impact blade is provned rctati 
in a fir.e grinding chancer. 



Apparatus according tc claim I. wherein tr.e pre-cocii.ng 
tunnel and the main ceding tunnel are creviced with a 
vacuum insulation. 

Apparatus according to claim 1 , wherein tne sain 
cooling tunnel is provided with a near.s tzr compen- 
sating for length variations. 
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